Introduction and Background
Methane (CH 4 ) gas generated using biodegradable substances such as vegetable wastes, agriculture residues, wastewater, cattle manure, human excreta, etc. in anaerobic reactors is popularly known as biogas. In agriculture based countries around the world, biogas is produced in household reactors known as biogas digesters to provide energy for lighting and cooking. Millions of people, especially farmers, have benefited from this technology and its popularity is ever growing. In this paper, we present the information pertaining to the development of the biogas sector in Nepal, where more than 80% of people live on subsistence agriculture in rural areas. In particular, the history of biogas implementation, benefits associated with this technology, future potential and challenges are discussed. The information presented in this paper will be helpful not only to different stakeholders involved in the biogas sector in Nepal but also to similar other countries around the world, which face challenges for its efficient implementation.
Geography and Demography
Nepal is a landlocked country with a total area of 147,181 km 2 . Nepal shares its borders with China in the north and India in the east, west and south. Table 1 ]. provides a summary of Nepal's geographical and demographical features.
Economy
Nepal's economy is driven mainly by the agriculture sector which accounts for almost 85% of human resource involvement and 39% of gross domestic product (GDP).
Industrial and service sector GDPs account for 7.7 and 53.3%, respectively [2] .
Industrial sector mainly comprises of processing of agricultural products such as jute, tobacco, sugarcane, grain, dairy products, etc. Average per capita GDP is estimated at US$237, while 38% of the population still remains below the poverty level of US$1 per day [2] . Rural sector is mostly remote, which lacks basic infrastructure such as running water, electricity, transportation, health and education. Since the majority of the population is involved in the agriculture sector, livestock such as cattle, poultry, goat, etc. are domesticated widely.
Energy Usage
The total energy consumption for Nepal was reported at 8,616 tons of oil equivalent (TOE) in 2005 [3] . Almost 88% of this energy is obtained from traditional energy sources such as firewood, agriculture residues (corn stalks, rice chaff, etc.), and sundried cattle dung cakes. Of the total energy consumption in 2005, the share of household energy use was 90.3%, followed by industrial (3.5%), commercial (1.6%), agriculture (0.8%) and other (0.2%) [3] . The widespread use of such traditional forms of energy resources has adversely impacted the country's environment, people's health and economy in many ways [4] .
Environment and Human Health Problems
Excessive exploitation of forest wood in all parts of the country has caused deforestation. Deforestation has been linked to many other problems such as soil erosion, loss of cultivable land, fluctuating and unpredictable river flow patterns, flash floods, etc. in almost every part of the country [5] . Similarly, the use of agriculture residues and cattle dung cakes in inefficient smoke causing cooking stoves in the indoor environment has caused respiratory related illnesses in adults, children and infants [6, 7] . Time spent in collecting forest firewood also accounts for a major portion of daily labor and many health related ailments that include backache, severe fatigue, head and neck pain, fall injury, etc. [8] among women in rural communities. Due to deforestation, the travel time has increased as forest reserves have receded farther away from communities.
Emergence and Development of the Biogas Sector
The technology of the generation of methane from the anaerobic fermentation of cattle manure, human excreta, wastewater, etc. gained popularity in the neighboring India around 1950 [9] . Farmers in India used the biogas technology to generate cheap fuel and tackle the litter problem. Since Nepal shares many socioeconomic and geographic similarities with India, the development of the biogas sector in Nepal was greatly influenced by the development of the biogas sector in India.
Different historical accounts suggest that the first biogas plant in Nepal was built in 1955 in the capital city (Kathmandu). It was a demonstration model that was mainly
constructed to show the potential of biomass to generate energy. A chronology of biogas development events in Nepal is shown in Table 2 . Similarly, Figure 1 It is essential to find out solutions to these challenges so that more biogas plants can be installed and more of its potential can be utilized.
Conclusions
The present state of methane gas production in Nepal using cattle manure, human excreta and vegetable wastes in anaerobic bioreactors was discussed in this paper. The methane gas is widely used to substitute the traditional forms of energy sources such as cattle dung cakes, fuel wood, agriculture residues, etc. This has greatly helped the nation in many ways such as income generation, litter management, life style improvement and cost savings. Although the biogas sector has helped the country in many ways, only 9% of the country's biogas potential has been realized. Much work needs to be done to reach out to the people living in the remote areas and to provide the necessary financial and technical support to them. Also, the problems associated with the generation of methane in colder regions need to be addressed in order to make this technology more versatile throughout the country. 
